Aim: Endometriosis is defined as the presence of endometrial glandular and stromal cells outside of the uterine cavity. A previous study reported that microRNA (miR)-542-3p plays a critical role in eutopic endometrial decidualization. This study aims to clarify the potential role of miR-542-3p and the target gene, IGFBP-1 (insulin-like growth factor-binding protein 1), in the impairment of the decidualizing capacity of human ectopic endometrial stromal cells (HEcESCs).
eutopic endometrium of women with endometriosis is believed to be abnormal, thereby predisposing these women to the establishment of ectopic diseases. It has been reported that the phenotype for the differentiation capacity of the ectopic endometrium is significantly varied, in comparison with the eutopic endometrium. 4 However, the pathogenesis of endometriosis has not been fully characterized.
MicroRNAs (miRNAs) are single-stranded, small, endogenous noncoding RNAs that functionally regulate gene expression by blocking the translation or decreasing the stability of mRNA. 5 In mammals, miRNAs are predicted to control the activity of ~50% of all protein-coding genes. 6, 7 The expression of many of these miRNAs has been identified in several mammalian cells and tissues, where they play important roles in the regulation of development and homeostasis of diverse cellular processes. Aberrant miRNA expression is a feature of many pathological conditions, including cancer, viral infections, metabolic diseases, and neurological disorders. 8 In addition, there is growing evidence that miRNAs contribute to the pathogenesis of endometriosis by regulating abnormal cell differentiation, invasion, and inflammation. [9] [10] [11] To date, several studies have demonstrated that ectopic endometrial stromal cells display an impaired differentiation (decidualization)
response. 4, 12 However, the mechanism that underlies this limited response to the decidualization process in vitro remains unclear. The authors recently demonstrated that the overexpression of miR-542-3p
inhibited the decidualization process and it was suggested that the down-regulation of miR-542-3p plays an important role in endometrial decidualization by regulating IGFBP1 expression. 13 Hence, it is postulated that the overexpression of miR-542-3p contributes to the impairment of the dicidualization capacity of ectopic endometrial stromal cells. This study aims to clarify the potential role of miR-542-3p
and a decidual marker of the target gene that encodes insulin-like growth factor-binding protein 1 (IGFBP-1) in the impaired decidualization of ectopic endometrial stromal cells.
| MATERIALS AND METHODS

| Tissue collection and isolation of human eutopic and ectopic endometrial stromal cells
The protocol of the current study was approved by the Institutional The diagnosis of ovarian endometrioma was confirmed by histological examination.
The HEuESCs were isolated and cultured as previously described. [14] [15] [16] For the isolation and culture of the HEcESCs, ectopic endometrial tissues were collected in Dulbecco's modified Eagle medium with nutrient mixture F-12 (DMEM/F-12) containing 1% an- 
| RNA extraction
The total RNA was purified from the HEuESCs or HEcESCs by using 
| Quantitative real-time polymerase chain reaction amplification of the microRNA
The total RNA of each sample was reverse-transcribed by using Bio Script reverse transcriptase (Bioline, London, UK) with oligo dT primers. . The relative mRNA expression was calculated by using the 2 ⊿⊿Ct method 13 and is presented as the mean±standard error normalized to GAPDH.
| Quantitative real-time polymerase chain reaction amplification of the microRNAs
In order to confirm the relative expression level of the objective miRNA, the total RNA was subjected to a qRT-PCR analysis. The 
| Scratch wound assay
The HEuESCs or HEcESCs were seeded on culture dishes and cultured up to 100% confluence. Monolayers of the HEuESCs or HEcESCs in each dish were wounded by scratching with sterile plastic 200 μL pipette tips. At 24 hours after wounding, the cells were observed under a phase-contrast microscope. The assays were performed independently in triplicate.
| Immunofluorescent staining
The HEuESCs and HEcESCs were plated onto glass cover slips up to 60% confluence and then subjected to a decidualization stimulus with or without 0. 
| Statistical analyses
All the experiments were repeated a minimum of three times by using independent primary cell cultures. The statistical analyses were performed with the two-tailed Student's t test. The data are expressed as the mean±SE. A P-value of <.05 was considered to be significant.
| RESULTS
| Ectopic endometrial stromal cells show a markedly impaired morphological and biological decidualization process
The authors investigated whether HEcESCs preserve the capacity for 
| Alternation of F-actin localization and the cytoskeleton on the decidualization of the human eutopic endometrial stromal cells and the human ectopic endometrial stromal cells
A previous study reported that the actin-based cytoskeleton contributes to both functional and morphological endometrial decidualization. 20 Therefore, the authors investigated the subcellular distribution of the actin stress fibers in the HEuESCs and HEcESCs that had been treated with or without 8-bromo-cAMP and MPA by using Acti-stain ™ 555 phalloidin. Well-stretched F-actin was distributed throughout the cytoplasm in the undifferentiated HEuESCs and HEcESCs (Figure 2A,C) . In response to decidual stimulation, F-actin was located in the periphery of the HEuESCs ( Figure 2B ).
However, the alternation of F-actin localization in the HEcESCs in response to decidual stimulation ( Figure 2D ) was unable to be observed. ) for 6 days. The medium was changed on day 3. The expression levels of (E) insulin-like growth factor-binding protein 1 (IGFBP1) and (F) prolactin (PRL) microRNA were measured by quantitative real-time polymerase chain reaction amplification. The confluent HEuESCs or HEcESCs were treated as indicated for 6 days. The medium was changed on day 3. The data are presented as the mean±standard error of the mean. *P<.05 and **P<.01. Scale bar, 200 μm
down-regulated ( Figure 3C,D) , whereas the expression of E-cadherin was up-regulated ( Figure 3A ,B) in the HEuESCs on decidualization.
Although the staining of N-cadherin was strong ( Figure 3G,H) , the staining of E-cadherin was faint in the HEcESCs that had been treated with or without 8-bromo-cAMP and MPA ( Figure 3E-H) . These observations suggest that MET occurred in the HEuESCs, but not in the HEcESCs, during the decidualization process.
The motility of the HEuESCs and HEcESCs that had been treated with or without 8-bromo-cAMP and MPA was examined by using a wound closure assay. As shown in Figure 4E , the level of cell motility 
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was dramatically inhibited in the decidualized HEuESCs, in comparison with the non-decidualized HEuESCs (Figure 4A,B) . In contrast, the motility of the HEcESCs that had been treated with 8-bromo-cAMP and MPA was only slightly inhibited, in comparison with the nondecidualized HEcESCs (Figure 4C,D) .
| Overexpression of microRNA-542-3p induces an aberrant decidual response in endometriotic stromal cells
Following the authors' previous report, 13 the role of miR-542-3p
in the impairment of the decidualization process in HEcESCs was investigated. In order to account for interpatient variability, the expression of miRNAs was calculated as the fold change relative to the is causally linked to menstruation is supported by several other lines of evidence. 21 The behavior of the endometrium in patients with endometriosis could be attributed to the aberrant transport of the decidual phenotype endometrium into the peritoneal cavity.
The findings of the present study demonstrated that the morphological and biochemical decidualization capacities of ectopic endometrial stromal cells were remarkably impaired. Interestingly, in contrast to the HEuESCs, decidual stimulation sustained migration activity that was accompanied by the mesenchymal phenotype of HEcESCs.
These observations imply that the aberrant differentiating capacity of endometrial cells, which actively migrate, could result in the establishment and development of endometriosis.
As small, non-coding RNAs, miRNAs are classified as regulatory RNAs and have been reported to regulate diverse biological process, including cell growth, proliferation, and differentiation. 22 As each miRNA is predicted to involve a broad range of mRNAs, based on the degree of sequence homology, the expression of ~50% of all proteincoding genes are estimated to be potential targets of miRNA regulation. 6, 7 The inverse relationship between the expression of miRNAs and their target genes is complex and evolving. There is accumulating data that miRNAs contribute to the pathogenesis of endometriosis by regulating abnormal cell differentiation, invasion, and inflammation. 23 It has been reported that the expression of several miRNAs differs between the eutopic and ectopic endometrial tissues of women with and without endometriosis. 9, 24 The authors recently reported that the down-regulation of miR-542-3p expression in eutopic endometrial stromal cells enabled morphological and biological differentiation of the endometrium. 13 Also, other studies have showed that the decidualization capacity of ectopic endometrial stromal cells was remarkably impaired. 4, 12 Therefore, the authors postulated that the overexpres- These observations suggest that a high expression of miR-542-3p
impaired the decidualization capacity of the HEcESCs.
It has been reported that the overexpression of miR-542-3p can inhibit cell growth and prevent tumor formation in vivo. 25 This report suggested that miR-542-3p is a promising target for cancer therapy.
In contrast, it was demonstrated that miR-542-3p suppresses osteogenic differentiation by repressing bone morphogenetic protein 7 and its downstream signaling. 26 The authors' findings raise the possibility that miR-542-3p has potential as a biomarker or therapeutic target in endometriosis.
The epithelial-to-mesenchymal transition (EMT), a developmental process in which epithelial cells reduce intercellular adhesion and acquire fibroblastic properties, plays critical roles in the conversion to motile mesenchymal cells for the invasive and metastatic potential that is associated with cancer progression. 27, 28 The MET is the reverse process of the EMT. Increasing evidence suggests that the EMT of endometrial epithelial cells contributes to the establishment of endometriotic lesions. 29, 30 In contrast, recent studies have provided compelling evidence that decidualization is associated with the MET of HEuESCs. 31, 32 The authors demonstrated that decidualized stimulation down-regulated N-cadherin expression and up-regulated Ecadherin expression in the HEuESCs. In contrast, although N-cadherin expression was strong, E-cadherin expression was relatively weak in the HEcESCs that had been treated with or without 8-bromo-cAMP and MPA. These observations suggest that the differentiated HEuESCs acquired an epithelial phenotype and lost their capacity for migration. In contrast, the HEcESCs that had been treated with decidual stimulation fairly retained the mesenchymal phenotype and capacity for migration. Therefore, the authors speculate that this, in turn, could influence the capacity for proliferation and invasion of the cells in an ectopic environment.
During MET, the mesenchymal cells shift from a mesenchymal to an epithelial phenotype via reorganization of the cytoskeleton. The cytoskeleton plays an important role in various cellular processes, including mitosis, growth, motility, aging, and apoptosis. 33 The organization and plasticity of the cytoskeleton are characterized primarily by forces that are generated by actin-myosin interactions. 34 Previous studies demonstrated that F-actin was located in the periphery of decidualized HEuESCs. 20, 33 These observations are consistent with the current microscopic findings. Meanwhile, the localization of F-actin was maintained in the HEuESCs that had been treated with or without 8-bromo-cAMP and MPA. It is possible that the actin-based cytoskeleton might actively contribute to sustain the mesenchymal phenotype and cell motility of HEcESCs against decidualization stimulation.
There were several limitations to this study that should be ad- 
